A new model of the surface barrier at a metal surface is presented. It is one dimensional, has two adjustable parameters (z0, the location of the image plane, and A, , which determines the length scale of the transition from vacuum to bulk), and its form is suggested by the results of self-consistent electronic-structure calculations for a five-layer film of %(001) described here. The optimum form for electrons rvith incident energies below 10 eV is determined by comparison with available lowenergy-electron-diffraction data from %(001).
I. INTRODUCTION
Charge-transfer processes occur in many branches of surface science, such as Schottky-barrier transmission and thermionic and field emission. Particularly important are spectroscopic IDcthods W41ch Usc charged part1clcs, exaIIlples bemg photoemission and the scattering of low-energy electrons and positrons. Although not all these techniques are equally sensitive to the form of the potential barrier at the surface, a detailed knowledge is usually essential for a complete analysis of such processes.
In classical electrostatics, the form of the potential barrier outside the surface of a perfect conductor can be found by solving I.aplace's equation using the method of images. The classical image barrier for a charge q at point z is as follows: V(z)=, z &0, (1) 2z' where the metal occupies the half-space z&0. Unless other%'isc stated %'c Usc rydbclg atoIDic units throughout.
There are several problems associated with the use of Eq. (1) (2) 18 the muffin-tin contribution. (110) and (100) Fig. 3 shows that the muffin-tin term is the dominant contribution to the potential. The contour plots of Fig. 4 show, however, that the potential has a distinctly three-dimensional character. We shall return to this point in Sec. V.
III. SURFACE-BARRIER MODEL
The barrier models discussed in Sec. I are all onedimensional. In Fig. 5 we also show the model barrier of Eq. (9) In Fig. 7 we compare the measured spin-polarized intensities for 8= 15', 17. 5', 20', and Calculated intensities for barrier with z0 ---3.lao, A, =O. sa0
Solid curves, spin down; crosses, spin up. The mesh is 0.1 eV.
The self-consistent film calculations described here show that the effective single-particle potential for occupied electrons demonstrates significant departures from the muffin-tin form assumed in almost all LEED calculations. Since threshold effects originate in the coupling of the beams by G vectors parallel to the surface, they will be affected by non-muffin-tin terms in the potential, and this is an interesting consideration for future work. It is important to note that a barrier derived from a localdensity calculation is not appropriate for LEED calculations. The asymptotic form outside the crystal has an exponential rather than an inverse dependence on the distance from the surface, and the asymptotic form in the crystal has an average value which is too low for the energy range considered here (0 -10 eV) and quite inappropriate for higher energies. However, the transition from vacuum to bulk should be described more satisfactorily and the results have suggested a one-dimensional Inodel potential. The real part of this potential has two adjustable parameters, zo, the position of the image plane, and A, , which describes the degree of barrier saturation.
The one-dimensional model [Eq. (8) 
